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Abstract
Iowa State University is a member of the Synthesis Coalition, funded by the National Science Foundation in
the inaugural year for coalitions. The other coalition partners are Cal Poly at San Luis Obispo, Cornell,
Hampton, Southem, Stanford, Tuskegee, and UC Berkeley. The Synthesis Coalition is creating a National
Engineering Education Delivery System (NEEDS). This will include a multimedia data base of engineering
courseware modules which can be transported at network speeds for classroom delivery. In order for these
lesson modules to be effectively delivered, appropriate classroom delivery systems are being designed,
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Cost Effective, High-Technology Classroom Delivery Systems 
Lawrence J. Genalo 
Iowa State University 
Introduction 
Iowa State University is a member of the Synthesis Coali-
tion, funded by the National Science Foundation in the 
inaugural year for coalitions. The other coalition partners 
are Cal Poly at San Luis Obispo, Cornell, Hampton, South-
em, Stanford, Tuskegee, and UC Berkeley. The Synthesis 
Coalition is creating a National Engineering Education 
Delivery System (NEEDS). This will include a multimedia 
data base of engineering courseware modules which can be 
transported at network speeds for classroom delivery. In 
order for these lesson modules to be effectively delivered, 
appropriate classroom delivery systems are being designed, 
prototyped, and tested. 
The Synthesis Coalition has prepared a preliminary docu-
ment describing standard features for three categories of 
high-technology classroom delivery systems based on cost 
(1). The high-cost delivery rooms feature high quality 
projection systems, a full range of media, and the ability to 
interact with remote learning sites. The medium cost rooms 
are primarily for large lectures and feature permanently 
installed projection systems capable of displaying whatever 
computer and video images are desired. The low cost 
delivery systems are capable of displaying selected media in 
a "standard" classroom. These low cost delivery systems 
are the primary focus of this paper. 
Iowa State University has created two state-of-the-art high-
technology classrooms for engineering education (2). These 
high cost delivery system rooms allow for computer images 
(including engineering workstations}, laser disk video, 
videotape, 35 mm. slides, and live camera output to be 
projected on a large screen. These rooms will also be used 
to originate and receive remote lectures. The room environ-
ment is controlled by a computer which will automatically 
change lighting to appropriate pre-set conditions for each 
media selected for presentation. Other schools: Cornell, 
Stanford, and UC Berkeley within the coalition as well as 
others outside the coalition, have created similar high-tech-
nology classrooms. Almost all universities have a version 
of a medium cost, high-technology classroom- usually an 
auditorium outfitted with a projection system and computer. 
Low cost, high-technology delivery - hardware 
The low cost, high-technology classroom delivery system 
brings a cost-effective, multimedia presentation into a "stan-
dard" classroom. With this delivery system the instructor 
has an overhead projector and LCD panel for displaying the 
desired images. The media to select from will include a 
computer and, if desired, one or more other media. The 
other media which can be added include a laser disk player, 
a videotape player, a 35 mm projector, or a live camera. 
The selected media for the day's lecture will be placed on a 
mobile cart and wheeled into a classroom for delivery. With 
the advent of Digital Video Interactive (DVI) or Quicklime 
movies, it is possible to digitize full-motion video so that the 
video player is not necessary for the classroom presentation. 
In order to make use of the NEEDS database, the instructor 
would need to download modules in advance and store them 
with the classroom computer for the lecture delivery. If the 
classroom to be used bas a network connection, "live" 
downloading may be performed during the lecture. Since 
this allows for many more complications and possible stum-
bling blocks, one would only choose this practice for lec-
tures needing to demonstrate this capability. 
The cost for such a delivery system will vary considerably, 
primarily due to the system capabilities of the computer. 
Some variation will occur due to the video media included 
and the LCD panel selected for use. As of this writing, the 
LCD panel technology is at least as rapidly advancing as the 
computer technology. Table 1 shows the system configura-
tion and approximate costs for a prototype low cost, high-
technology delivery system in use at Iowa State University. 
The table does not include the cost of a cart as these vary a 
great deal and at many universities are already available. 
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ITEM COST 
ffiM compatible 386~33 computer $ 2,500 
Videotape player (standard) $ 300 
Powered external speaker $ 100 
Portable video camera (e.g. Elmo EV308) $ 2,450 
Color monitor (used with camera) $ 309 
LCD Panel (e.g. Sharp QA 1650) $ 5,300 
High-intensity overhead projector $ 400 
(e.g. Apollo Eclipse - 3800 lumens) 
TOTAL$ 11,359 
Table 1: A prototype low cost delivery system 
The computer included in Table 1 does not include DVI 
delivery capability. Such capability, and the required added 
storage, would add about $2,000 to the cost of the comput-
er. It would, however, allow for the digitization of video 
and its display without the use of external video sources. 
Similar configurations are in use in all of the coalition 
schools. Experience with these systems is being accumulat-
ed and will he presented in a "best practices• document to 
he produced during the next year and updated annually. 
Low cost, high·technology delivery - software 
Of course, the hardware is selected to deliver the education-
al material desired. Although some of this material is either 
live or recorded video, much of it is computer-based. The 
success of using computer-based lecture material is over-
whelmingly dependent on the software to he used. The 
hardware selected above was chosen to operate and display 
the images produced by the software. The software used 
can he classified in two categories; applications and presen-
tation. The choice for an application package will he made 
by the users, expert in the field in question. Presentation 
software packages are proliferating at a rapid rate. There 
are advanced techniques for showing digitized and com-
pressed video such as DVI (for ffiM) and Quicklime (for 
Macintosh). There are other packages, such as PC-VCR, 
for interacting with a videotape machine. There are many 
packages which offer presentation graphics for creating 
"slides" containing text and graphic images. Another type 
of software package includes features from several, or all, 
of the above. 
Hypercard (for the Macintosh) programs, Toolhook (for 
mM), and Authorware (for either), to name just a few, 
offer the ability to create and run multimedia-based lessons. 
Hypercard programs can he used to integrate Quicklime 
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movies with still images in a single lesson. Toolhook will 
soon have the capability to operate DVI images from within 
an integrated lesson. Authorware, although not capable of 
running full-motion digitized video yet, is capable of being 
translated easily between Macintosh and ffiM platforms (3). 
With so many software packages available to create lessons 
and so many other lesson modules already available (in the 
NEEDS database and elsewhere), an individual professor is 
faced with the task of selecting not only the application 
software (presumably an area of expertise for the professor) 
which is best, but also the presentation software (for most, 
not an area of expertise). In the Synthesis coalition this 
extra burden is being eased by creating (courseware studios) 
where an instructor can find help in selecting presentation 
software, learning to use it in order to create lesson mod-
ules, and in accessing existing lesson modules for adaptation 
for the particular needs of the instructor. 
Multimedia teaching practices 
Several studies have been made which try to assess the 
efficacy of multimedia-based lectures (references 4, S and 
particularly 6). David Crismond (6) tells us of the impor-
tance of providing written material to augment multimedia 
and computer-based lectures. At Iowa State, Authorware 
has been extensively used for lecturing and for self-paced 
student work with great success (3). The Macintosh version 
has been used in sophomore level computer engineering 
courses and the DOS/Windows version in the introductory 
engineering course, Engineering Problem Solving with 
FORTRAN Programming. 
The freshman course includes Authorware-based lesson 
modules and self-paced tutorials for all topics in the course 
(for examples, see figures 1-4). The students may purchase 
hardcopies of the lecture material at a local copy center. 
The lectures of this course are all delivered in either the 
high cost, high-technology classrooms or in the cost effec-
tive, "standard" classroom. The student reactions to both 
the authorware lessons and the high-technolosy delivery 
systems has been very positive. Authorware lessons are 
being developed for the freshman Engineerins Design I 
Graphics course. This course has been lectured in a cost 
effective, high-technolosy classroom with a good deal of 
emphasis on live video and computer demonstrations. 
Conclusions 
The pedaJoJical decisions must he made first. If multime-
dia or computer-based lessons are appropriate for the course 
in question (this will he the case for many engineerins 
courses), the appropriate software should next he selected. 
Once the software has been selected, the hardware necessary 
to operate and display the lessons may be selected. The 
resulting delivery system - lesson modules, either self-gener-
ated or "off the shelf", software for applications and presen-
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tations, and hardware capable of delivering the desired 
lessons - will provide an excellent learning and teaching 
environment. If properly used it can also provide greater 
productivity for the engineering instructor. 
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